Cataract is a frequent complication of uveitis, being caused either by the inflammation or by the steroids used to treat it. Its management has always provided a challenge, being more difficult and less reliable in outcome than the management of age-related cataract. Many factors can contribute to this difficulty: band PALANISAMY S. SURESH, NICHOLAS P. JONES
keratopathy and corneal deposits can render visibility poor; peripheral anterior and posterior synechiae, pupillary membranes and fibrosis can impair surgical access; and long-standing inflammation may compromise the integrity of capsule and zonule. Aggravation of inflammation in the post-operative period is the main concern and pre-operative uveitis has been found to be the most significant indicator of post-operative inflammation in eyes undergoing cataract surgery. 1 Such inflammation may lead to posterior synechiae and intraocular lens (IOL) capture, cellular deposition on the IOL, glaucoma, posterior capsule opacification, cystoid macular oedema, pupillary membrane formation, cyclodialysis and phthisis. There is an abundance of possible causes of visual loss before, during and after cataract surgery in patients with uveitis.
Rapid developments, both in surgical technique and in the understanding of the risk factors involved, have over the last 20 years substantially altered the approach to cataract surgery in uveitis?, 3 With careful patient selection, rigorous pre-and post-operative control of inflammation and careful modern surgery, it now appears possible to obtain safer and more reliable outcomes. Several studies have documented the reliability of extracapsular surgery in uveitis.1A-10 but as yet evidence of the efficacy and safety of phacoemulsification in such eyes is sparse.l1-13 This study reports the results of phacoemulsification with IOL implantation performed by a single surgeon on a series of 86 eyes with uveitis and discusses a pre-operative preparation regime, surgical and post-operative complications and visual results.
Patients and methods
Details of all patients attending the Manchester Uveitis Clinic are entered onto a database, which records major medical and surgical treatment events. All patients with uveitis undergoing cataract surgery from August 1995 to November 2000 were identified, their medical records reviewed and data extracted including diagnosis, pre-and post-operative treatment and inflammation levels, surgical details, complications and visual results. One of us (N.P.J.) performed all operations. The start date corresponded to the introduction, by this surgeon, of phacoemulsification surgery for patients with uveitis.
The Manchester Uveitis Clinic operates a pre operative preparation protocol for patients with uveitis undergoing cataract surgery. Patients undergo surgery only when uveitis has been minimised and stabilised. No minimum period of stability is observed; while a period of 3 months or more is often desirable, some patients with fluctuating uveitis may undergo surgery during a perceived 'window of opportunity' when inflammation appears to be better controlled. All patients read an information pamphlet describing the major technicalities, limitations and possible complications of such surgery14 and subsequently discuss their individual details with the surgeon prior to giving fully informed consent. Patients may be given additional anti-inflammatory treatment prior to surgery as described in Table 1 . That approach may be modified if the patient has demonstrated raised intraocular pressure as a steroid response; in these cases a best compromise is reached. Concurrent immunosuppression is not altered during the surgical episode. Where patients were expecting bilateral cataract extraction, a significant period of post-operative stability in the first eye was observed before arranging second-eye surgery; although no minimum period was observed, this delay was usually several months.
Phacoemulsification surgery was performed via either a 5.5 mm scleral tunnel, or latterly a 3.2 mm keratome approach. Division of posterior synechiae, excision of pupillary membranes and mechanical pupil dilatation were performed where necessary. Iris hooks were inserted where pupil size remained unsatisfactory. Continuous circular capsulorrhexis and hydrodissection were followed by phacoemulsification or (frequently, reflecting the age of the patients) phacoaspiration. Following cortex removal, an IOL; (either 5.5 mm rigid one-piece polymethylmethacrylate (PMMA), or latterly foldable acrylic) was inserted. Closure was sutureless where possible. Sodium hyaluronate was used in all patients; particular care was taken to ensure its complete removal at the end of the procedure. All patients received a subconjunctival injection of betamethasone and antibiotic.
Post-operatively patients were supervised closely, with examinations on the first, fifth and twelfth post operative days, with additional early examinations if necessary. Topical steroids were prescribed on a sliding scale according to the predicted severity of uveitis: eyes perceived to be at low risk of post-operative inflammation (including eyes with quiescent uveitis) received 6-hourly topical steroid; eyes with Fuchs' heterochromic uveitis (FHU) received 2-hourly topical steroid; and other eyes received a variable dose, up to a maximum of half-hourly administration. The dosages of topical and (where used) systemic steroid were reduced according to the observed post-operative recovery. The time at which post-operative medication returned to the pre-operative maintenance level was recorded. Mydriasis and cycloplegia were used as necessary.
Patients requiring Nd-YAG laser capsulotomy were commenced on, or enhanced their dose of topical steroid for several days before treatment and were monitored closely afterwards. Patients at high risk from raised intraocular pressure were given G. apraclonidine for several days following treatment.
Results
During the study period phacoemulsification with IOL implantation was performed on 86 eyes of 75 patients (35 male, 40 female). This represents 89% of all cataract surgery performed on uveitis patients during this period, other surgery comprising extracapsular cataract extraction with IOL implantation (8 eyes), lensectomy without IOL implantation (2 eyes) and vitreolensectomy (1 eye). The mean age at surgery was 43.8 years (range 19-89 years). The age distribution at surgery is shown separately in Fig. 1 for two groups of patients: those with FHU (showing a peak incidence in the late thirties) and those with other types of uveitis (showing a generally older age spread). The location and diagnosis of the uveitis are shown in Table 2 .
Pre-operatively patients were managed according to the categories shown in Table 1 . Four patients were considered to be in category 1 (3 with quiescent anterior uveitis, 1 with previous acute panuveitis). Of the 34 patients in category '2 (FHU) 28 received pre-operative steroid as indicated. The remainder, receiving no pre operative medication, were either quiescent (5 patients) or a steroid 'responder' (1 patient). Twenty-eight patients Age at surgery (yrs)
Other uveitis were in category 3 (chronic anterior uveitis). Of these, 24
received an enhanced topical steroid dose (the remainder being steroid 'responders') and 5 commenced prednisolone (20-30 mg/ day) for 1 week pre-operatively. Seven patients were considered to be in category 4 (requiring systemic steroid, but not at high risk of exacerbation) and did not receive an enhanced pre operative systemic steroid dosage. Thirteen patients were in category 5 and used enhanced prednisolone (mode 20 mg/ day) for 1 week pre-operatively. Four patients in category 5 were also using additional immunosuppression (1 cyclosporin, 1 azathioprine, 2 cyclosporin + azathioprine). These dosages were not altered peri-operatively. A 5.5 mm scleral tunnel approach was used in 49 eyes, and following a change in technique by the surgeon, corneal 3.2 mm keratome incision in 37 eyes. Posterior synechiae required division in: 30 eyes and iris hooks were used in 32. A foldable acrylic IOL (Alcon Acrysof) was used in the most recent 25 eyes, a heparin surface modified IOL (Pharmacia S12e, 72SC) in 31 eyes and unmodified PMMA IOLs in the remaining 30 (19 of which had FHU).
In two instances the attempted capsulorrhexis was lost. In these cases phacoemulsification was nevertheless performed and a 7 mm rigid IOL implanted into the sulcus. In no instance was there a posterior capsule break, zonular dehiscence or vitreous loss. There were no Table 3 . Location and intensity of pre-operative uveitis and type of surgery undergone, compared with post-operative uveitis intensity Degree of post-operative anterior chamber cell activity Pre-operatively 27 eyes were treated for glaucoma. Of these, 5 had already undergone trabeculectomy. An additional 11 eyes underwent trabeculectomy in combination with their phacoemulsification surgery. Of these 11 combined procedures, success in intraocular pressure control (lOP < 21 mmHg) was maintained in 9 eyes at latest follow-up. In 2 eyes receiving topical anti glaucoma medication pre-operatively, control became more troublesome after cataract surgery, but neither has required trabeculectomy to date.
Pre-operatively 40 eyes had no anterior chamber (AC) activity, either quiescent (untreated) uveitis or completely controlled (treated) anterior uveitis. Twenty eight eyes had AC cells ± or fewer and 18 eyes had AC cells + or more (13 with FHU, 4 with chronic panuveitis and 1 with chronic anterior uveitis). Post-operatively, 39 used topical steroids hourly or more in the first few days, 38 eyes 2-hourly and 9 eyes four times per day. The maximal post-operative uveitis was AC cells or less in 55 eyes, moderate (AC cells ++) in 23 eyes but severe (AC cells +++ or more, and/or fibrinous) in 8 eyes. The degree of post-operative uveitis in comparison with pre operative uveitis location, intensity and type of surgery undergone is shown in Table 3 . A total of 31 eyes developed moderate or severe (AC cells ++ or +++ or fibrin) post-operative uveitis. More than half of these were eyes with FHU. The proportion of eyes developing such uveitis were as follows: intermediate uveitis 0/1, quiescent panuveitis 0/4, quiescent anterior uveitis 1/3 (33%) chronic anterior uveitis 7/24 (29%), chronic panuveitis 7/20 (35%) and FHU 16/34 (47%).
Post-operative follow-up ranged from 4 to 63 months, with a mean of 24.1 months. For 80 of the 86 eyes the mean delay between surgery and return to 'baseline' (i.e. pre-operative maintenance) treatment was 8.6 weeks (range 2-31 weeks), but in the remaining 6 eyes (7%) return to baseline has not been achieved and enhanced treatment is likely to be necessary in the long term. Post-operatively hyphaema was seen in 4 eyes. All were eyes with FHU where Amsler's sign had been noted at surgery. All resolved rapidly but in 2 eyes raised intraocular pressure was found, 1 eye requiring continuing topical medication. Clinical cystoid macular oedema developed in 2 eyes. In 2 eyes (both with FHU) iris capture occurred, forming synechiae to the posterior capsule behind the IOL, leading to chronic inflammation and giant cell deposition on the IOL. Both patients are using topical steroid maintenance to control this inflammation.
Giant cell deposition on the IOL surface was substantial enough to initiate or enhance topical steroid treatment in 16 eyes (19%), occurring on 7 of 31 heparin surface modified IOLs (23%), on 3 of 25 acrylic IOLs (12%) and on 6 of 30 PMMA IOLs (20%). Of the 16 eyes showing giant cell deposition, 11 had FHU, 2 had chronic anterior uveitis, 2 had chronic panuveitis and 1 had quiescent AAU.
Posterior capsule opacification was seen in 36 eyes (42%), occurring behind 16 of 30 PMMA IOLs (53%) of which 9 (30%) have undergone Nd-YAG capsulotomy (mean follow-up period 27.5 months); behind 14 of 31 heparin surface-modified IOLs (45%) of which 8 (26%) have undergone Nd-YAG capsulotomy (mean follow-up 36.8 months); and behind of 6 of 25 acrylic IOLs (24%) of which 1 (4%) has undergone Nd-YAG capsulotomy (mean follow-up 14.8 months). In total 18 eyes (21%) have so far undergone Nd-YAG laser capsulotomy. No eye developed a flare-up of uveitis, glaucoma or cystoid macular oedema following these treatments.
Clinically observed cystoid macular oedema (CMO) developed in only 2 eyes during their post-operative follow-up period. One patient had psoriatic arthropathy associated uveitis and the other, chronic uveitis following retinal toxoplasmosis. Neither eye had developed CMO pre-operatively. In a further 8 patients (undergoing surgery to 12 eyes) CMO in all 12 eyes had required treatment at some stage in the course of their disease pre-operatively. In 11 of these eyes, the CMO had been removed by treatment and did not recur post operatively. In the twelfth eye, subtle CMO was persistent pre-operatively but did not worsen post- immediately before surgery (pre-operative, mode = 6/36, 19 patients), post-operative (mode = 6/6, 33 patients) and at the latest follow-up visit (mode = 6/9, 38 patients).
operatively. These eyes included 5 with idiopathic chronic panuveitis, 4 with Beh<;et's disease, and 1 each with sympathetic uveitis, psoriatic arthropathy with chronic anterior uveitis, and intermediate uveitis. Fig. 2 shows the best-corrected visual acuity (VA) distribution in patients pre-operatively, post-operatively and at the latest follow-up visit. The mode V A for each group is: pre-operative 6/36 (19 patients), post-operative 6/6 (33 patients) and latest 6/9 (38 patients). Overall an immediate improvement of 2 or more lines of Snellen VA was seen in 78 eyes (91%) and at latest follow-up this improvement level was maintained in 76 eyes (87%). Seventy-two eyes (84%) have a latest VA ;;: 6/12. The remaining 14 eyes have a latest V A worse than 6/12, including the 2 eyes whose V A is worse than pre operatively. The details of these patients and the cause of their sub-optimal VA are given in Table 4 .
Discussion
Previous studies have investigated the safety of extracapsular cataract surgery in uveitis in generaf-I2 and in specific uveitis entities.
IS-IS However, it is clear to the experienced cataract surgeon that straightforward phacoemulsification with IOL implantation is less traumatic than straightforward extracapsular surgery. The entry wound is smaller, the intraocular pressure and anterior chamber are under better control, the iris is usually undisturbed by lens removal and endocapsular placement of the IOL is guaranteed. The breakdown of the blood-ocular barrier following extracapsular surgery is well documented,I9 but even though that breakdown may be long-lasting even for small-incision surgery, zo the effect appears substantially less for phacoemulsification than for extracapsular surgery in non-compromised eyes. z I-23 It is therefore reasonable to pursue phacoemulsification with IOL implantation as the preferred technique in patients with uveitis, if risks intrinsic to that surgery are not greater than for extracapsular extraction. The reliability of endocapsular fixation, preventing iris touch, seems to be an important component of this form of surgery, though it has been suggested that in some eyes, in order to prevent synechiae between iris and posterior capsule, sulcus fixation of a large-optic IOL might be preferable.24 This complication occurred in only 2 of 86 eyes in this series.
There is a potential risk of increased post-operative inflammation induced by IOL-iris touch with large sulcus-fixated IOLs in patients with uveitis. This risk, and the low incidence of iris capture from small IOLs, suggests to us that endocapsular fixation of small-optic IOLs is the method of choice. If significant capsule disruption occurs during surgery in patients with uveitis, preventing endocapsular or sulcus IOL implantation, the use of an anterior chamber IOL is likely to be unsafe and sutured posterior chamber IOLs are of unproven safety in these eyes. The maintenance of capsule integrity in these predominantly young patients, often with difficult surgical access, is therefore of paramount importance. We recommend that such surgery is undertaken (as in this single-surgeon series) by surgeons experienced in these techniques.
Post-operative exacerbation of uveitis is a clear risk in eyes with uveitis. Despite our pre-operative management regime 31 eyes developed moderate or severe uveitis (AC cells? ++ or fibrin), though all were rapidly controlled by enhanced medication. The incidence of this problem was highest for eyes with FHU. We postulate that this is associated with the increased intraocular vascular fragility which is a feature of this disease.
There is a commonly held view that eyes with heterochromic uveitis undergoing cataract surgery are likely to behave as eyes without uveitis, with a low risk of post-operative uveitis. Both this series and a previous study by one of us 6 provide evidence that this is not the case, and indeed that the opposite may be true. Table 5 shows a comparison between some manifestations of eyes with FHU in comparison with other eyes in this series. There is a reported high incidence of pre-existing amblyopia in eyes with FHU2 5 and a generally accepted glaucoma incidence of about one-quarter. Intraocular bleeding at surgery was virtually universal with the extracapsular technique, IS whereas the reduced pressure differentials of closed surgery reduce the incidence to a mere 59% in this series; in contrast intraocular haemorrhage and post-operative hyphaema is rare in other eyes with uveitis. In addition, both giant cell deposition on the IOL and posterior capsule opacification appear to be more common in eyes with FHU. In conclusion, these eyes may have a somewhat different spectrum of complications from other eyes with uveitis, but these complications are no less important and indeed may be more troublesome. The visual outcome is not significantly better in this series from that achieved in other forms of uveitis. The myth that FHU eyes are per operatively straightforward, should be dispelled.
The Table 1 has evolved from experience in this clinic. With the exception of patients with quiescent uveitis most patients receive enhanced topical steroid treatment for 1 week pre-operatively, including those with FHU. An important exception is those known to be steroid 'responders'. Some patients with chronic anterior uveitis considered at high risk (usually because of the presence of significant flare) receive systemic steroid for 1 week. Enhanced systemic steroid (at least 20 mg/ day for 1 week pre-operatively) is also used for those with panuveitis considered at risk of post-operative flare-up. We believe that this approach, tailored to our impression of the severity and likely behaviour of the uveitis in individual cases, has contributed to the low incidence of post-operative complications in this series. It should be noted that our protocol aims to minimise inflammation but may not completely eliminate it; we consider that the additional steps sometimes undertaken to achieve this final 'push' for quiescence are usually unhelpful except in the highest-risk eyes, and in some eyes the aim cannot be achieved. As evidenced by data in this series, we believe that in eyes with minimised and stabilised inflammation, surgery can be performed safely. A total of 8 eyes developed severe (AC cells +++) or fibrinous uveitis post-operatively. Of these, 7 had no AC activity pre operatively and all 8 eyes have a VA of ? 6/12 at latest follow-up. Of all 40 eyes with no AC cells pre operatively, 16 (40%) developed AC cells ++, +++ or fibrin post-operatively. For 28 eyes with AC cells ± pre operatively this figure was 9 (32%) and for 17 eyes with cells +, 5 (29%). Even severe post-operative uveitis was short-lived in these eyes, and this appears to have little or no correlation with the degree of pre-operative control of uveitis (within these limits) or with the eventual visual result. The early studies recommending complete elimination of pre-operative uveitis before cataract surgery were based upon eyes undergoing extracapsular surgery. We postulate that the lesser ocular insult of small-incision phacoemulsification surgery may explain, at least in large part, the apparently reduced importance of such an approach. Nevertheless we stress that we do not have a laissez-faire approach to the pre-operative control of inflammation -on the contrary, treatment is optimised and is aggressive where required.
In patients with uveitis requiring cataract surgery who also have secondary glaucoma, combined surgery may be considered. In this series 27 eyes (31%) had secondary glaucoma and 5 had previously undergone (successful) trabeculectomy. Of the remaining 22 patients receiving topical glaucoma medication, a decision was made to combine cataract surgery with enhanced trabeculectomy in 11. Of these 11 procedures, 7 were followed by moderate or severe (AC cells ? +++) post operative uveitis, including 3 eyes with fibrinous uveitis. Nevertheless no long-term complications ensued and the trabeculectomy was successful in 9 of 11 eyes, the 2 failures being late in follow-up. It appears that combined cataract and glaucoma drainage surgery gives an increased risk of post-operative uveitis in comparison with cataract surgery alone, and this risk should be taken into consideration when planning such surgery.
The safety of IOL implantation in patients with uveitis is not universally accepted, the interaction between materials and uvea and the tendency to cause inflammation being well reported,2 6 .27 but it is increasingly clear that with adequate preparation, the great majority of eyes can tolerate IOL implantation. The optimal IOL type for such eyes is unclear. Although some evidence suggested that heparin surface-modified IOLs were advantageous for uveitic eyes undergoing extracapsular surgery28. 2 9 it is less likely that IOL material is of significance where IOL fixation is endocapsular.
There is one important exception to the general acceptability of IOL implantation in eyes with uveitis. Most ophthalmologists treating patients with uveitis related to juvenile idiopathic arthritis (JIA) would regard these eyes as qualitatively different from other eyes with uveitis. In particular the poor response to cataract surgery has been noteworthy and, until recently, the overwhelming view was that vitreolensectomy without IOL implantation was the only safe choice of procedure?l However, even these eyes, if carefully selected in older children or young adults, appear able to tolerate phacoemulsification and IOL implantation?2 This series contains only one adult with JIA and uveitis. The patient had undergone, some 5 years previously, a vitreolensectomy with a poor visual result occasioned by intractable macular oedema and pre-existing amblyopia. In the context of well-controlled but minimally active uveitis (importantly, with negligible flare) she underwent phacoemulsification with IOL implantation in the second eye at the age of 30 years. Despite post operative short-lived fibrinous uveitis, the visual acuity remains high and the uveitis under good control 3 years post-operatively.
Posterior capsule opacification (PCO) after cataract surgery is common, but it appears to be more common in patients with uveitis. Dana and colleagues33 found that 56% of patients with uveitis developed PCO in comparison with 40% of controls, but when corrected for age (the uveitis patients being younger) it was unclear whether uveitis was a separate risk factor. In this series with a mean age of 43.8 years at surgery, over 40% of eyes developed PCO. In 18 cases Nd-YAG capsulotomy has been performed. This PCO rate is consistent with previous reports. In view of concerns about the safety of Nd-YAG capsulotomy in uveitis patients, the criteria for treatment are different in this group. We have treated 17 of 36 eyes, whereas in eyes without uveitis, undoubtedly a greater proportion would have undergone treatment. However, using our techniques as described, no patient in this series encountered a significant complication following Nd-YAG capsulotomy, and in particular there were no episodes of clinically apparent macular oedema or decreased vision. It has been suggested that primary posterior capsulorrhexis may be an alternative in these patients,12 but further evidence on relative risk is clearly necessary.
In opacification and cystoid macular oedema, the incidence of worsened vision is very small, the great majority of patients regaining and retaining a high visual acuity.
